Summary
Endoscopic gastrointestinal workup fails to establish the cause of iron deficiency anemia (IDA) in a substantial proportion of patients. In patients referred for hematologic evaluation with unexplained or refractory IDA, screening for celiac disease, autoimmune gastritis, H pylori and hereditary forms of IDA is recommended. About 4 to 6% of patients with obscure refractory IDA have celiac disease and autoimmune gastritis is encountered in 20 to 27% of patients .
Stratification by age cohorts in autoimmune gastritis implies a disease presenting as IDA many years before the establishment of clinical cobalamin deficiency. Over 50% of patients with unexplained refractory IDA have active H pylori infection and, after excluding all other causes of IDA, 64 to 75% of such patients are permanently cured by H pylori eradication. In young patients with a history suggestive of hereditary iron deficiency with serum ferritin higher than expected for IDA, mutations involving iron trafficking and regulation should be considered. Recognition of the respective roles of H pylori, autoimmune gastritis, celiac disease, and genetic defects in the pathogenesis of iron deficiency should have a strong impact on the current diagnostic workup and management of unexplained, or refractory iron deficiency anemia.
Introduction
Iron deficiency is one of the most common nutritional problems of the human race. It is associated with serious health risks including abnormal mental and motor development in infancy; impaired work capacity; increased risk of premature delivery and, in severe anemia, increased maternal and infant mortality 1 . The development of iron deficiency is the consequence of an interaction of three distinct risk factors: increased host requirements, limited supply, and increased blood loss.
The principles of diagnosis and management in IDA are well established and have been defined in a number of detailed guidelines and recommendations [2] [3] [4] [5] . Because increased requirements are the outcome of increased physiologic needs associated with normal development, this category of iron deficiency is often designated physiologic, or nutritional. By contrast, pathologic iron deficiency is most often the result of gastrointestinal disease associated with abnormal blood loss or malabsorption. The intensity of diagnostic efforts to identify underlying pathology depends on the likelihood of encountering such pathology ( Figure 1 ). In subjects with increased requirements and in low risk patients such as the majority of fertile females, detailed anatomical studies are rarely necessary. By contrast, in grown males and post-menopausal females, the risk of underlying gastrointestinal disease is high and intensive gastrointestinal work up is mandatory. Once the diagnostic procedure is completed, iron deficiency should be treated, preferably by oral medications.
However, this general design may fail in several respects: First, conventional endoscopic and radiographic methods are unable to identify the source of gastrointestinal blood loss in a substantial proportion of patients even after employing capsule endoscopy [6] [7] [8] [9] Second, failure to respond to oral iron occurs in a significant proportion of patients regardless of risk category. The prevalence of refractoriness to iron is difficult to define because it is also affected by patient compliance, and the experience and inclination of the physician to employ parenteral iron.
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In the present paper, refractoriness to oral iron is defined as failure to respond to treatment at a dose of at least 100 mg elemental iron/d after 4 to 6 weeks of therapy. Subjects in whom iron deficiency anemia is unresponsive to standard oral iron treatment or in whom anemia persists despite a negative gastrointestinal workup represent an important subgroup of patients referred for hematologic evaluation.
Studies in the late nineties have established celiac disease as a possible cause of IDA refractory to oral iron treatment, without other apparent manifestations of malabsorption syndrome 10 . In addition, Helicobacter pylori has been implicated in several earlier studies as a cause of IDA refractory to oral iron treatment, with a favorable response to H pylori eradication 11, 12 . Likewise, autoimmune atrophic gastritis, a condition associated with chronic idiopathic iron deficiency, has been shown to be responsible for refractory IDA in over 20% of patients with no evidence of gastrointestinal blood loss 13, 14 .
The availability of convenient, non-invasive screening methods for identifying celiac disease (anti tissue transglutaminase (TTG) antibodies) autoimmune atrophic gastritis (serum gastrin, parietal cell or intrinsic factor antibodies) and H pylori infection (antibody screening or fecal antigen and urease breath test) and the recent recognition of rare inherited forms of iron deficiency greatly facilitated the diagnosis of these entities, resulting in an increased awareness of these conditions and their possible role in the causation of IDA. The aim of the present communication is to focus on the role of the above entities in the pathogenesis of refractory IDA, but it is not intended to represent a detailed general strategy for the diagnosis and management of iron deficiency.
Prevalence of H pylori infection, autoimmune gastritis and celiac disease in obscure or refractory IDA.
Results of a prospective study of 300 consecutive IDA patients referred to a hematology outpatient clinic with obscure or refractory IDA 15 are shown in Table 1 . Refractoriness to oral iron treatment was defined as a hemoglobin increment of less than 1 gm/dl after 4 to 6 weeks of therapy at a daily dose of at least 100 mg elemental iron . The mean age of all subjects was 39±18 years, and 84% were
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Autoimmune atrophic gastritis was found in 26% and about half of these (51%) had coexistent H pylori infection. H pylori infection was the only finding in 19%, but it was also a common coexisting finding in 55% of the entire group. Not listed in Table 1 are 4 patients with gastroplasty. Use of aspirin or NSAID is listed as additional information but is not counted separately in the total number of patients. Refractoriness to oral iron treatment was found in 100% of patients with celiac disease, 69% with autoimmune atrophic gastritis, 68% with H pylori infection, but only 10% of subjects with no underlying abnormality. In the following we wish to discuss the implications of the above findings to the pathogenesis and management of unexplained or refractory iron deficiency anemia.
Helicobacter pylori gastritis
The role of H pylori in the causation of IDA is of considerable current interest. Major population surveys conducted over diverse geographic areas [16] [17] [18] [19] [20] [21] [22] [23] Similar results were obtained in a recent study of 84 adult patients in whom the effect of H pylori eradication on iron-refractory or iron-dependent anaemia of unknown origin was studied. 28 . Cure rates in males and postmenopausal females (75%) were much higher than in premenopausal females (23% P < 0.0001) underlining the compounding effect of increased menstrual blood loss.
In found 27% of patients with refractory iron deficiency anemia without gastrointestinal symptoms to have atrophic body gastritis , a percentage identical with the proportion of subjects with autoimmune atrophic body gastritis found subsequently in our own studies 15, 42 . Iron absorption is severely impaired in achylia gastrica 43 as normal gastric secretion and acidity are essential for solubilizing and reducing dietary iron 44, 45 .
Relation between IDA associated with autoimmune gastritis and pernicious anemia (PA)
With an intent to define the relation between IDA associated with autoimmune gastritis and pernicious anemia, we have studied 160 patients with autoimmune gastritis of whom 83 presented with IDA, 48 with normocytic, and 29 with macrocytic anemia 46 ( Table 2) . On the other hand, patients with autoimmune gastritis presenting with IDA had many features overlapping or identical with those of classical PA. They had a 18% prevalence of thyroid disease and 8% of diabetes mellitus , diseases well known for their association with PA as part of the autoimmune polyendocrine syndromes 47 . Patients with IDA and autoimmune gastritis had a 46% prevalence of abnormal serum cobalamin. Finally, seropositivity for intrinsic factor blocking antibodies, a low sensitivity but high specificity test for PA was 38 % in IDA patients, similar to the other two subgroups in the present study.
In view of these findings, the question should be raised whether we may be witnessing an earlier phase in the evolution of the same disease 48 . A definitive answer to this question would require a 20 year follow up of the IDA cohort with autoimmune gastritis.
Alternatively we could stratify the entire population of 160 patients by age (Table 3) .
Such stratification reveals a remarkable, regular correlation between age and the hematological complications of autoimmune gastritis. With advancing age of presentation, there was a progressive increase in MCV, increase in the severity of hypergastrinemia and the severity of cobalamin deficiency. Iron deficiency, and active H pylori infection, both of which were very common in the youngest age group were gradually replaced by cobalamin deficiency and H pylori seronegativity in the oldest age group. 
Relation between autoimmune gastritis and H pylori infection
The high prevalence of H pylori positivity in young patients with autoimmune gastritis and its almost total absence in elderly patients with pernicious anemia, raises the question whether H pylori gastritis may represent an early phase of disease in which an infectious process is gradually replaced by an autoimmune disease terminating in burned-out infection and the irreversible destruction of gastric body mucosa. Although this question has long intrigued investigators, the relation between H pylori and the pathogenesis of pernicious anemia is still unsettled 49, 50 . H pylori-infected subjects have circulating IgG antibodies directed against epitopes on gastric mucosal cells. Of these, H+K+-ATPase , the most common autoantigen in pernicious anemia is a possible target of an autoimmune mechanism triggered by H pylori by means of antigenic mimicry [51] [52] [53] [54] [55] . Conversely, H pylori eradication in patients with autoimmune atrophic gastritis is followed by improved gastric acid and ascorbate secretion in many, and partial or complete remission of atrophic gastritis in a variable proportion of patients [56] [57] [58] [59] [60] . In our experience, H pylori eradication is followed by a significant decrease in serum gastrin levels in almost all patients , but complete remission accompanied by disappearance of circulating antiparietal cell antibodies (APCA) is only observed in a limited number of patients.
Failure to achieve complete remission by H pylori eradication in the majority of patients does not necessarily argue against the role of H pylori in the pathogenesis of autoimmune gastritis but, more likely indicates that a point of no-return may be reached beyond which the autoimmune process may no longer require the continued presence of the inducing pathogen.
Celiac disease
Iron deficiency anemia without overt clinical evidence of intestinal malabsorption is one of the most common extraintestinal manifestations of celiac disease 61, 62 . Conversely, among patients presenting with unexplained iron deficiency anemia, celiac disease is responsible for the anemia in 5 to 6% of cases [63] [64] [65] . Demonstration of histological changes in the small bowel mucosa is still regarded as the gold standard of diagnosis in celiac disease 66, 67 . However, the discovery of antiendomysial antibodies in patients with celiac disease had a major impact on the screening and diagnostic algorithms for recognizing celiac disease 68 . Its specificity and sensitivity are estimated at 99% and over 90% respectively. More recently, an enzyme linked immunoabsorbent assay has been developed to measure anti-tissue transglutaminase (TTG) IgA antibody activity and is more convenient , cheaper and yields comparable sensitivity and specificity to the older antiendomysial indirect fluorescence test 67 . Additional diagnostic criteria include identification of HLA-DQ2 or DQ8 genotypes, and response to the gluten-free diet 69, 70 The 14 celiac patients in our series were indistinguishable from the rest of the anemic patients by their age, severity of iron deficiency anemia, or serum albumin. Their most consistent clinical feature was their complete refractoriness to oral iron treatment. The most obvious cause of anemia in celiac disease is impaired absorption of iron and other nutrients including folate and cobalamin. Occult gastrointestinal blood loss has been reported in one study 71 , but does not appear to play a significant role in the causation of anemia. Nutritional deficiency alone does not explain anemia in all cases and inflammation appears to contribute in some patients, as evidenced by the presence of markers of anemia of chronic disease in about 17% of celiac patients 72, 73 .
A high proportion of seronegative clinically mild celiac disease has been reported among patients with unexplained iron-deficiency anemia fulfilling all other criteria of celiac disease including HLA-DQ2/DQ8 genotype, distal duodenal biopsies, and response to specific therapy 74 . Future studies of seronegative celiac disease may shed light on the contribution of genetic as against environmental factors to the phenotypic expression of this disease.
Hereditary microcytic anemias
A discussion of unexplained refractory IDA would be incomplete without mention of the rare hereditary forms of iron deficiency anemia. These novel forms of microcytic anemia have been identified following the remarkable recent progress made in the understanding of molecular mechanisms involved in iron trafficking and regulation and include defects in iron absorption, transport, utilization and recycling 75. Among these rare microcytic anemias iron refractory iron deficiency anemia (IRIDA) is considered as the most "frequent" 76 and will be discussed in some detail.
Hereditary iron-refractory iron deficiency syndrome (IRIDA)
IRIDA is an autosomal recessive disorder caused by mutations on the transmembrane serine protease 6 (TMPRSS6) gene encoding Matriptase-2 (MT-2) 77 . MT-2 is a transmembrane serine protease essential for down regulating hepcidin, the master regulator of iron homeostasis. In vitro studies in transfected hepatic cell lines suggest that MT-2 cleaves hemojuvelin, an activator of hepcidin expression 78 . This function is impaired in mutations involving TMPRSS6 resulting in IRIDA. Hence, serum hepcidin is inappropriately high and patients are unable to respond to iron deprivation by suppressing hepcidin expression [79] [80] [81] .
Patients with hereditary IRIDA have hypochromic microcytic anemia with very low serum iron and transferrin saturation. However, unlike nutritional iron deficiency their serum ferritin is normal or inappropriately high for the degree of iron deficiency. The severity of anemia is variable, usually moderate; it is not present at birth and develops after the neonatal period. Although the anemia tends to be more severe in childhood than later, there is no correlation between age at diagnosis and the severity of anemia.
Although its prevalence is presently unknown, IRIDA should be considered, especially in children and young adults, when other known causes of refractory iron deficiency anemia are excluded TMPRSS6 polymorphims have been associated with variation in iron parameters 88 and with increased risk of iron deficiency 89 . Interestingly, TMPRSS6 variants were associated with IDA in a small series of autoimmune gastritis patients with polyendocrine autoimmune syndrome 90 suggesting an interplay between genetic and acquired factors in refractory IDA.
As implied by the term IRIDA, patients are unable to respond satisfactorily to oral iron treatment. However, not all IRIDA patient are fully refractory to oral iron treatment.
Long term administration of oral iron has been able to induce partial correction of anemia in patients from 4 unrelated families 87, [91] [92] [93] However, even with intraveous iron administration, response to treatment is slow and correction of anemia partial. By contrast, serum ferritin increases with i.v. iron therapy in a dose-dependent manner. All of these correlations are in keeping with the known hepcidin-ferroportin interactions and the suppressive effect of inappropriately high hepcidin production on iron absorption and recycling. In general, the need for iron treatment is highest in children and modest in adults who have limited iron requirements. In some cases with many years of follow up adults correct anemia although severe microcytosis and low serum iron persist 94 .
Diagnostic workup and treatment of unexplained refractory IDA

Diagnosis:
Because the methods for diagnosing iron deficiency anemia are well established [2] [3] [4] [5] , the following text is restricted to the specific requirements of patients with refractory anemia after all standard diagnostic requirements have already been fulfilled. As stated earlier, our definition of refractory anemia is failure to respond to oral iron treatment with 100 mg elemental iron/day for 4 to 6 weeks by an increase in hemoglobin of at least 1 gm/dl. Other causes of treatment failure should be excluded first. Admittedly, this is not an easy task as even experienced clinicians may be misled by low compliance, inaccurate history, false diagnosis and occasional factitious anemia. Care should be taken to
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Apart from a history of chronic IDA failing to respond to oral iron, the clinical history and physical examination are of limited value in identifying the specific cause of refractoriness to iron. Coexistent cobalamin deficiency may be encountered in some patients with autoimmune gastritis. Refractory IDA starting in early childhood with a positive family history is found in some, but not all IRIDA patients. The probability of H pylori related IDA is particularly high in males and post menopausal females with no anatomic GI findings.
It is proposed that all patients studied for unexplained refractory anemia should be tested by serology for celiac disease, H pylori IgG antibodies or fecal antigen, serum gastrin, antiparietal and/or intrinsic factor antibodies 67, 95, 96 (Table 4) In patients with a history suggestive of hereditary iron deficiency with serum ferritin higher than expected, a genetic workup is recommended 75 . For suspected IRIDA the NCBI site of available laboratories for TMPRSS6 sequencing is listed at the end of References.
For
Specific Treatment:
Standard triple therapy for H pylori eradication consists of a proton pump inhibitor, clarithromycin, and amoxycillin for 10 to 14 days or a bismuth-based protocol [29] [30] [31] [32] [33] [34] [35] . To confirm eradication, the urease breath test should be repeated one month after completing triple therapy.
There is no specific treatment for autoimmune gastritis. Serum cobalamin levels should be monitored to determine the need for cobalamin supplementation. In autoimmune gastritis patients with coexistent active H pylori infection, H pylori eradication may be useful for arresting the progress of disease and improve response to oral iron [56] [57] [58] [59] [60] .
Patients with celiac disease should be started on gluten free diet with regular follow up to ensure response and compliance 67 .
Oral Iron Therapy
A great number of iron compounds are available for oral use, with significant differences in iron bioavailability. Ferrous iron salts have superior bioavailability compared to ferric iron salts. Because of relatively low cost and reasonable bioavailability, ferrous sulphate is the iron compound used most often for oral iron therapy. A number of preparations with slow iron-release properties have been designed, but for the most part bioavailability does not equal that of standard ferrous sulphate tablets 4 .
In general, an erythropoietic response to iron therapy should be seen within 4-6 weeks of iron replacement therapy. Hemoglobin levels are expected to rise by approximately 0.1 g/dl per day after starting iron therapy. In addition, reticulocyte hemoglobin content (CHr) is an early, sensitive indicator of a favorable response to iron administration [97] [98] [99] .
The concomitant administration of ascorbic acid enhances iron absorption. In some of our patients serine ferrous sulphate and ferrous glycine sulphate elicited good responses when other iron preparations failed, but the relative advantage of these preparations still awaits objective evaluation by prospective randomized trials 100 .
Intravenous iron therapy
Intravenous iron replacement is indicated for patients failing to respond to oral iron carboxymaltose , iron isomaltoside 1000 , and ferumoxitol . These preparations allow the administration of much higher doses of iron i.v. in a shorter time 104 . They can be used safely and effectively to restore body iron , possibly even in a single treatment episode.
Presently there is a need for well designed comparative studies to allow judgement of the Parenteral iron preparations can be used for the correction of iron deficiency or the maintainance of iron stores. Approximately 170 mg of iron is required to obtain a 10 g/L rise in hemoglobin in a 70 kg male, based on a total blood volume of 4.9 L. The iron status of patients taking iron therapy, whether oral or intravenous, should be monitored intermittently, to establish whether iron stores are adequately replenished, and to avoid iron overload that may occur with unmonitored long term iron replacement.
Conclusions
In high risk IDA patients complete endoscopic workup is mandatory. By contrast, low risk patients, representing the vast majority of subjects with refractory IDA, remain the reponsibility of the hematologist. The hematologist, in turn, is now equipped with powerful non-invasive tools to identify IDA patients requiring special attention.
Recognition of the respective roles of H pylori, autoimmune gastritis, celiac disease, and inherited disease in the pathogenesis of iron deficiency should have a strong impact on the current diagnostic workup and management of refractory iron deficiency anemia and a sharp decrease in the proportion of IDA patients still labelled "unexplained". 
